A viruses are enhanced by the absence of RNA proofreading enzymes; in particular, substitutions in the HA protein alter the viral antigenic epitopes sufficiently to avoid the host immune response (antigenic drift). These antigenic changes can trigger the generation of new strains and subgroups, leading to pandemics or new epidemics worldwide. [1] [2] [3] Influenza A virus subtypes H3N2 (A/H3N2) and H1N1 (A/ H1N1), and influenza B virus have been circulating in the human population every winter, and account for 3 to 5 million cases of severe illness and 250 000 to 500 000 deaths annually, mostly caused by secondary bacterial pneumonia in young children and the elderly. [4] [5] [6] [7] To reduce the public health burden of influenza, the Here, we analyzed the HA and NA genes of influenza A viruses prevalent in Korea during the 2011-2016 seasons. These viruses were identified through the Hospital-based Influenza Morbidity & Mortality (HIMM) surveillance system. 10 In addition, we investigated the effect of mutations in the 8 segmented genes of influenza A viruses on risk of mortality for infected patients.
| MATERIAL S AND ME THODS

| Sample collection and viral isolation
Through the HIMM system, clinical and virological surveillance was conducted for patients visiting the emergency departments or being hospitalized due to influenza-like illness at 10 university T128A   A212S   A212T   I140M   Y94H   S124N, K259R   R142S   R142G   F193S   N145S   Q33R, N278K   L3I, N144S,  F159Y, N225D   K160T   S114T   P273L   S45N, T48I,  A198S, T212A,  S214I, V223I   Y94H  S198P   I192T 3C.2a 
| Sequence analysis
For the phylogenetic study, the sequences were compared with the 
| Hemagglutination inhibition (HAI) assay
HAI titers were determined using standard procedures. In brief, antisera were pre-treated overnight with receptor-destroying enzyme (RDE) at 37°C and heat inactivated at 56°C for 30 min. Twofold serial dilutions of RDE-treated antisera (50 μL) starting at a 1:10 dilution were incubated with 4 HA unit/25 μL of each virus and incubated at RT for 1 h. Next, 50 μL of 0.75% guinea pig red blood cells (gRBCs) was added, followed by 1-h incubation at RT. We confirmed the coagulation of gRBCs and interpreted HAI results. 
TA B L E 2 Antigenic characterization of H3N2 influenza A viruses
| Neuraminidase inhibitor (NAI) assay
The NA-Fluor TM assay kit (Thermo Fisher Scientific, Waltham, MA, USA) was used according to the manufacturer′s protocol. 
| Statistics analysis
To elucidate the factors associated with the death of influenza cases, fatal and non-fatal cases were selected (1:3 ratio) on the collection 
| Genetic analysis of 8 segmented genes in the fatal influenza A virus isolates
Viral virulence can be increased by mutating non-structural proteins (Table S1 ). Therefore, internal gene sequences from influenza A viruses from fatal cases were used in the genetic analysis. Genetic analysis of 8 segments (HA, NA, M, NP, NS, PA, PB1, and PB2) was performed using sequences of fatal isolates (A(H1N1)pdm09; n = 1, A/H3N2; n = 11) and vaccine strains. Most of the fatal cases had underlying conditions, such as diabetes, chronic respiratory diseases, and chronic medical illnesses (Table 3) .
Compared with vaccine strain, amino acid mutations were found in the A/Cheongju/G792/2013(H1N1) HA gene: the P83S, S84G, S143G, K163I, G170R, S185T, A197T, S203T, A261T, G262E, H273N, and I321V substitutions were located in the HA1 region, the E47K, S124N, I183V, and V193A substitutions were located in the HA2 region (Table 4) .
Compared with the NA gene of the vaccine strain, A/Cheongju/ G792/2013(H1N1) carried L40V, N44S, S52N, N200S, V241I, N248D, T289I, Y351F, and N369K substitutions. In addition, several substitutions were identified in the other 6 segments (Table 4 ).
In the A/H3N2 analysis, we confirmed variations for the cluster differences (3C.2a and 3C.3a) in the HA and NA genes. In addition, the NA sequence of the 2011-2012 season (n = 2) carried an I222V substitution, an NA inhibitor resistance mutation. [13] [14] [15] [16] The NA se- (Table 5 ).
In the analysis of internal genes, the M sequence of all the isolates investigated harbored the S31N genetic marker for adamantine resistance in M2. By comparing the sequences from each season with the A/H3N2 vaccine strain (A/Victoria/361/2011), we found several amino acid substitutions (Table 4) were consistent with clade 3C.2a in the HA phylogenetic tree. As shown in Table 4 , we confirmed that the substitutions of NA, NS1, and PA coincided with HA-based genetic clade. In addition, the PB1 and PB2 genes revealed multiple non-synonymous substitutions (Table S2) .
Statistical analysis was performed to study the association between amino acid substitution and death in fatal cases (Table 6 ).
Although some substitutions (I39M of M2 and M481I of NP)
showed a P value of .054, they were not significant in the correlation analysis of genetic substitution and mortality. As shown in Table 7 , our correlation analysis revealed that chronic lung disease was more frequently associated with fatal than non-fatal cases.
In conclusion, statistical analysis showed no significant association between the viral genetic differences and mortality; however, the mortality was increased by host factors such as chronic lung disease.
| D ISCUSS I ON
We performed sequencing and phylogenetic analysis of influenza a twofold HAI titer of the A/Switzerland/ virus. In addition, the isolates in the 3C.2a clade differ from the vaccine strain in antigenicity due to the 8-to 32-fold differences from the vaccine strain in the HAI titer.
This difference seems to be due to structural variation in HA from genetic substitution. Our study demonstrated the variation patterns of epidemic influenza viruses in Korea using genetic as well as antigenic analyses. These data can be used to select vaccine strains and to analyze virus substitution patterns over time.
H3N2 seasons become increasingly severe, with higher numbers of hospitalizations and deaths. We studied the molecular ge- 
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